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ACX>USTIC PROJECTOR AND METHOD OF MANUFACTURE 



Cross Reference To Related App lication 

This application claims tiie benefit of US provisional application serial no. 
60/529,445, filed December 12, 2003. 



Background of the Invenrinn 

1. Field of the Invention 

The present invention relates to und^ater acoustics and more particularly to 
underwater acoustic projectors and to tiie mefliod of manufacturing die same. More 
particularly, the invention relates to an acoustic projector formed of one or mare shell 
segments wherein each shell segment has an even number of drivers. 

2. Brief Descrit>tion of Prior Develop ments 

In low fi»quency underwater acoustic projectors, a segmented assembly is used 
to ease piece part manufacturability, assembly and handling procedures. However tiiis 
assembly procedure can result in acoustic segment interactions due to a longitiidinal 
vibration mode and/or interaction due to water loading differences along flie lengtii of 
tiie projector. Segment mteractions can disrupt and distort tiie acoustic tiansmissions, 
and can result in significant mechanical damage to tiie projector assembly. 

The lengtii of flie driver and shell segment were usually limited by tiie lengfli of 
tiie drive material tiiat could be manufectured at a reasonable cost. This projector and 
mefliod of construction is more susceptible to segment interactions when tiiere are 
many sheU segments, (3 or more). Such factors also limit flexibility in determining flie 
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number of segments per a given projector length. Thus, there is a need for an improved 
projector construction and method of manufacture which reduces assembly labor costs 
and reduces the number of parts for each projector, which leduces or eliminates 
dynamic loading on the projector and shell sheer stress for a given design, thereby 
increasing the depth capability and dynamic range of the projector. 

Summa ry of favention 

Some examples of slotted shell prior art acoustic projectors ate shown in US 
Patent Nos. 5,020,035; 5,122,992; 5,592,359; 6,491,095; and 4,220,887. Some 
examples of non-slotted acoustic projectors are shown in US Patent Nos. 5,926,439; . 
6,535,459; 6,545,949; and 6,567,343. 

To solve this problem the acoustic projector of the present invention can be 
assembled in a "super segment* ' method with multiple drivers as part of a shell 
segment This not only stiffens the longitudinal assembly but also reduces the number 
of segments for interactions to occur. The goal is to reduce the number of segments to 2 
segments. If this is not possible then an even number of segments is needed. This 
solution solves interactions in the slotted cylinder projector, however this technique can 
be used in other transducer technologies. 

The most significant advantage to the new constructions method is, multiple 
drivers in one shell segment which stiffens the shell segments in the longitudinal length 
direction and reduces longitudinal vibrations modes as well as significantly reduces 
acoustic segment interactions, usually caused by hydrodynamic load variations along 
the length. The new method and acoustic projector construction is also not constrained 
by the manufacturable length of the drive material. The shell segment can be any length 
and multiple drivers can be assembled inside one shell segment. Additionally, this 
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method is more cost effective and faster to assemble due to the reduced number of parts 
and pieces that need to be purchased or handled. Also the designer can use this 
construction method to ensure that the projector is designed with one or two shell 
segments, which is the optimum segment number(s) to eliminate segment interactions. 
If one or two segments can't be used then the designer has the flexibility to ensure an 
even number of shell segments can be used and any intemctions can be managed via 
wuing, tuning, or shading methods. 

Brief Description of the Drawings 

The present invention is further described with inference to the accompanying 
dmwings wherein: 

Figure 1 is a perspective view of a completed acoustic projector in accordance 
with flie invention; 

Figure 2 is a perspective view of a single multi-driver shell segment used in a 
preferred embodiment of the present invention; 

Figure 3 is a perspective view of two multi-driver shell segments used in a 
prefened embodiment of the pies^t invration; 

Figure 4 is a longitudinal cross sectional view of the assembled multi-driver 
shell segments shown in Figures 1 and 2; 

Figure 5 is a modified embodiment of the shell segment shown in Fig. 3 with a 
reinforcing metal liner. 

Figure 6 is a cross-sectional view taken on line 6-6, Fig. 2; and 

Figure 7 is a perspective view of the prior art of one driver with one shell 
segment. 
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Detailed Description qf the, Prefeired Embodiment 

The most significant advantage to the new projector construction and method of 
the present invention is the use of multiple drivers in one shell segment which stilus 
the sheU segments in the length direction and reduces longitadinal vibration modes as 
well as significantly reduces acoustic segment mteractions, usually caused by 
hydrodynamic load variations along die length. The new projector construction and 
method also is not constrained by the manuf acturable length of the drive material. The 
shell segment can be any length and multiple drivers can be assembled inside one sheU 
segment. Additionally, this projector construction and mefliod is more cost effective 
and faster to assemble due to the reduced number of parts and pieces that need to be 
purchased or handled. Also the designer can use fliis construction and method to 
ensure that the projector is designed with one or two shell segments, which is the 
optimum segment number(s) to eliminate, segment interactions. If one or two segments 
can't be used then the designer has the flexibility to ensure an even number of shell 
segments can be used and any interactions can be managed via wiring, tuning, or 
shading mediods. 

The single sheU of the multiple driver shell segment forces the drivers to move 
more closely in unison than if the segments were one sheU per driver. Another prior art 
was to bond, pin, or epoxy single drive/sheU segments as to approximate the large 
single SheU with multiple drivers. This construction and method has been used but has 
several inherent flaws. The epoxy/pinning mechanisms used are never as strong as a 
single shell. Combined with the tremendous forces tiiat are exerted during drive and 
interaction, failure is ahnost assured. However, the single shell multiple drivers 
reduces the interaction, and thus reduces the shear forces. Also, the single sheU is 
significantly strong in the shear direction to handle any interaction forces that might 
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occur. With the reduction of titie segment interaction and longitudinal vibration modes, 
the acoustic projector produces a significantly larger dynamic range. The virtually 
eliminated segment interaction and longitudinal vibrations also reduces the dynamic 
stress on the projector and thus allows the projector to operate at a deeper deptii. 

Hie acoustic projector of the present invention is indicated generally at 1, and a 
first embodiment is shown in Fig. 1 wifli die unique features of flie present invention 
being shown particularly in the embodiments of Rgs. 2 and 3. Figure 1 shows an 
assembled acoustic projector having the assembled shell segments and drivers encased 
in an outer layer of a rubberized matmal 2 or otfier material resistant to the harsh 
undCTsea environment in which it will be utilized. The electrical cables 4 for supplying 
power to die enclosed drivers are secured by a connection 6. The electrical power is 
connected to the drivers contained tiierein in a usual manner well known in the acoustic 
projector art. It is readily understood fliat projector 1, in addition to tire unique shell 
segments described below, will have a pair of end plates (not shown) connected 
together in the final projector assembly. 

Itt accordance with the invention as shown in Fig. 2, a sin^e shell segment 8 
contains two transducers or drivers 10 which are separated by a gap 12. Drivers 10 are 
well known in flje acoustic projector art, preferably formed of a piezoelectric material, 
and are connected to electrical cable 4, and flius are not described in further detail. 
SheU segment 8, preferably is formed with a longitadinaUy extending slot 14 along 
which extends a pair of arcuate segments 16 which are secured in position along slot 14 
within die interior of shell segment 8, by a plurality of screws 18 or odier type 
fasteners. Segments 16 will usually be formed of a dielectric material so as not to 
interfere witii drivers 10, but could be formed of an electrically conductive material and 
separated fixMn drivers 10 by a layer of insulation, if desired, witiiout affecting die 
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concept Of the invention. Arcuate segments 16 assists in retaining drivers lOwithin 
sheU segment 8. Various types of a bonding adhesive or caulking material can also be 
used to secure drivers 10 within shell segment 8. 

Preferably, the combined longitudinal lengths of drivers 10 will be between 
70% and 90% of the longitudinal length of sheU segment 8. This has been found to 
provide the most satisfactory results, both from the acoustic properties, as weU as the 
strength of the assembled projector. A thin layer of insulation 20. preferably wiU be 
located between sheU 8 and driver 10 to ensure the electrical integrity of the drivers 
even Aough outer sheU 8 preferably wiU be formed of a dielectric material such as an • 
epoxy graphite composition, fiberglass, a ceramic, or the like. However. sheU 8 can be 
formed of various types of conductive materials, such as metal and separated from 
drivers 10 by an insulation layer 20. 

However, in accordance with the invention, at least two drivers 10 arc mounted 
within a single shell segment 8, or for certain appUcations, an even number of drivers, 
for example. 4. 6. or 8, etc. could be mounted within a single shell segment. This 
reduces the sheer stress and dynamic loading on the sheU thereby increasing the depth 
capability and dynamic range of projector 1. 

A modified form or extension of the present invention is indicated generaUy at 
22, and shown in Fig. 3. Embodiment 22 consists of a pair of shell segments 8, and as 
discussed above, each segment 8 containing a pair of drivers 10, which segments are 
joined together to provide a multiple sheU segment, each containing multiple drivers. 
The remaining construction of projector 22 is similar to that described with respect to 
SheU 8 and driver 10. The sheU segments preferably arc longitudinally joined by a 
lower alignment pin 24 (Fig. 4) with various types of epoxies or glues at their mating 
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It is also understood that oAer multiple shell segments can be joined 
longitudinally, each containing multiple drivers, for example, four sheU segments could 
be joined, six shell segments, etc. It is preferable that the number of shell segments be 
even multiples of two, and as discussed above, the number of drivers being multiples of 
two in each of the shell segments. This arrangement reduces interaction among the 
shell, reduces shell sheer stress, and enables various acoustic results to be achieved 
thereby. 

Hgure 7 shows a prior art shell/driver assembly indicated at 28, which consists 
of one shell segment 29 containing one driva: 30 therein. As discussed previously, the 
length of single shell, single driver constructions had shca^comings in that excessively 
long shells necessary to achieve flie desired acoustic tiransmissions are subject to 
vibration modes and water loading effects along the length of the shell. 

A modified embodiment of flie improved prcgector is shown in Hg. 5, and is 
mdicated generally at 32. Projector 32 is similar to embodiment 22 shown in Fig. 3 
witii die exception tiiat it contains a metal linra: 33 which extends tiiroughout flie axial 
lengfli of each sheU segment and is located between outer shell segment 8 and drivers 
10 and separated from the drivers 10 by an insulating layer 34. 

In summary, the present invention provides an improved acoustic projector 
construction consisting of at least one shell or preferably even multiples tixereof, witii 
each shell segment containing two cm- more even number of drivers therein. Preferably, 
the shell segments wiU be slotted and tiie combined length of die drivers in each shell 
segment will be between 70% and 90% of the lengtii of the sheU segment, which 
determines die spacing between die drivers and distance inwardly from tiie end plates 
of the assembled acoustic projector. This arrangement enables sheU interaction to be 
controUed or managed, reduces assembly labor and Hms costs because of less parts. 
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reduces dynamic load on the projector and thus increases depth capabiHty and dynamic 
range, and reduces sheU shear stress for a given shell/driver design. 

Whfle the present invfention has been described in connection wifli the preferred 
embodiments of the various figures, it is to be understood that other similar 
embodiments may be used or modifications and additions may be made to flie 
described embodiments for perfonning the same function of the present invention 
without deviating therefrom. Therefore, the present invention should not be limited to 
any single embodiment, but rather construed in breadth and scope in accordance with 
the recitation of the appended claims. 



